A 2003 high-resolution magnetic survey conducted by the Autonomous Underwater Vehicle ABE 26 over the low-temperature, ultramafic-hosted hydrothermal field Lost City reveals a weak positive 27 magnetic anomaly. This observation is in direct contrast to recent observations of strong positive 28 magnetic anomalies documented over the high-temperature ultramafic-hosted hydrothermal vents 29 fields Rainbow and Ashadze, which indicates that temperature may control the production of 30 magnetization at these sites. The Lost City survey provides a unique opportunity to study a field 31 that is, to date, one of a kind, and is an end member of ultramafic-hosted hydrothermal systems. 32
3) Methods and Results 112
High-resolution magnetic and bathymetric data were collected by the Autonomous Underwater 113
Vehicle (AUV) ABE during cruise AT7-34 of R/V Atlantis in 2003. The three components of the 114 magnetic field were acquired at 1 Hz sample rate using a fluxgate magnetometer mounted on the 115 AUV frame. To survey the site and its surroundings, ABE carried out seventeen dives with 116 tracklines roughly following the isobaths. 117
The AUV magnetic influence is removed from the data using a calibration method proposed by 118
Isezaki (1986) and Honsho et al. (2009) to resolve the crustal magnetic anomaly. Additionally, 119 because of the geomagnetic field inclination and declination, magnetic anomalies are phase-120 shifted, i.e., not centered above their causative sources. To eliminate this phase-shift, we use 121
Reduction to the Pole (RTP). This transformation is problematic, however, in this strongly 3D 122 environment. Indeed, the direct RTP is achieved in the Fourier domain and requires the data to be 123 collected on a level datum plane, which is not feasible for this dataset. Consequently, the 124 anomalies either have to be upward-continued to a plane located above the shallowest point of the 125 survey (Guspi, 1987) , which would act as a low-pass filter and overly smooth the magnetic 126 response, or we must invert the anomalies into an equivalent magnetization and estimate the RTP 127 in the geometry of the experiment using a vertical geomagnetic field. Because traditional 128 inversion methods are also performed in the spectral domain (Parker and Huestis, 1974) , the 129 over-filtering problem remains and details are lost. The new Bayesian inversion method 130 developed by Honsho et al., (2012) and specifically designed for near-seafloor datasets acquired 131 along uneven routes represents the most effective method to obtain a rigorous RTP anomaly 132 while preserving the short wavelengths. The magnetization is estimated along the tracks of thesubmersible, preserving the high-resolution signals. The result of this inversion is displayed in 134 
138
Equivalent magnetization resulting from the Bayesian inversion and draped on the site high-resolution bathymetry.
139
(B) RTP anomaly recomputed in the geometry of the experiment using this magnetization and a vertical geomagnetic 140 field. The Poseidon complex and the northeastern fault are associated with the highest anomaly amplitude, whereas 141 the rest of the site is characterized by weak positive magnetic signature.
143
The magnetic inversion reveals a relatively weak magnetization contrast and the recomputed 144
Reduced-to-the-Pole (RTP) magnetic anomaly is characterized by low amplitude. The study by 145 Szitkar et al. (2014b) reveals that high-temperature systems with variable amounts of ultramafic 146 to basaltic material are associated with variably strong positive magnetization, depending on the 147 site dimensions and the amount of magnetized material. The LCHF is comparable in size to the 148 high-temperature UMHS Rainbow (2014b), however its bedrock equivalent magnetization isconsiderably weaker, yet marginally stronger than the surrounding rocks. These results, therefore, 150 suggest a different intrinsic magnetization of basement rocks proximal to the plumbing system 151 beneath the field proper. The strongest positive anomaly extends over the Poseidon area and 152 upslope along the major north-south oriented fault that bounds the field to the east. Farther west, 153 the anomaly rapidly decreases, but still remains stronger than in the vicinity of the site. At the 154 bottom of the western slope, the anomaly again increases slightly (Fig. 2B) . 155 156 157
4) Discussion 158
The positive magnetization contrast at high-temperature UMHS is interpreted to be a 159 combination of: 1) strongly magnetized magnetite produced by high-temperature subseafloor 160 serpentinization reactions (Szitkar et al., 2014b) ; 2) the volume and concentration of magnetized 161 material; and 3) the reducing properties of hydrothermal fluids preserving magnetite within the 162 plumbing system from oxidation (Fouquet et al., 2010). In contrast, the magnetite located in the 163 surrounding terrain is subject to low-temperature seawater oxidation and converted into less 164 magnetic minerals (Szitkar et al., 2014b) . 165
By studying the RTP anomaly over the LCHF, the shape of the underlying plumbing system with 166 reference to its magnetite distribution and physical characteristics can be constrained. The 167 intensity of magnetite magnetization is subject to the strength of the magnetizing field (i.e. In this study, a nested forward modeling approach was used to examine various hypotheses on 177 factors controlling the strength of the magnetic anomaly, until results were achieved that 178 reproduced the data (Fig. 2B) . To investigate the role of topography in generating magnetic 179 anomalies we compute the magnetic field response of a uniformly, 1A/m magnetized seafloor 180 using the geometry of the experiment. The result of this modeling confirms that the seafloor 181 topography alone is not sufficient to account for the observed anomalies ( anomalies are generated at maximal depths of 200 to 300 m. We therefore suggest that the upflowzone producing the positive anomaly has a similar height, with seawater seeping where the high-198 angle fault intersects the seafloor (Fig. 3A and 4A ). To the west, the fault plane is less steep and 199 observations suggest that hydrothermal discharge is weak, which could infer that a lesser amount 200 of magnetite has formed in this area. Considering these hypotheses, we contour the fabric 201 geometry (Fig. 3A) to produce an anomaly with a satisfying shape but still far from the correct 202 amplitude. 
213
The last possible option consists of investigating the magnetite concentration within the rock, and 215 recovered basement samples already reveal that magnetite is common, but not pervasive. 216
Although its concentration cannot be unambiguously directly inferred through modeling, a 217 comparison with high-temperature UMHS can be achieved by a variable magnetization with the 218 final models being displayed in Fig. 3B and 4A along two across-site profiles. To account for 219 both the shape and amplitude of the observed RTP anomaly, a magnetite-rich domain of 220 serpentinization must be located under the Poseidon area and extend uphill, along the eastern 221 fault. Moreover, the model reveals that serpentinite produced by the low-temperature 
5) Conclusions 266
High-resolution, near-seafloor magnetic data reveal that the LCHF is associated with a weak 267 positive anomaly. This observation is consistent with the typical magnetic signature of other 268 UMHS discovered to date, and therefore confirms that UMHS exhibit a magnetic signature 269 opposite to that of basalt-hosted sites. However, the relative weakness of the magnetic response 270 of bedrock at the LCHF likely reflects a lower concentration of magnetite produced during low-271 temperature serpentinization reactions and the fact that Si-metasomatism is prevalent in the 272 basement rocks underlying the field. Temperature and fluid chemistry are therefore crucial 273 parameters controlling the characteristics of the plumbing systems at UMHS: high-temperature 274 favors the creation of high magnetite concentrations. At low temperature and/or in the presence 275 of hydrothermal fluids, iron can be partitioned into non-magnetic brucite, serpentine, chlorite, 276 talc and amphibole and lead to the production of considerably lower concentrations of magnetite, 277 and thus, a weakly magnetized plumbing system. Moreover, magnetic anomalies are consistent 278 with the suggestion that hydrothermal activity at Lost City is progressively moving upslope, 279
confirming that the location of discharge sites evolve during the lifetime of hydrothermal 280 systems. Our study finally underlines the usefulness of magnetic surveys in identifying and 281 characterizing ultramafic-hosted hydrothermal systems that host distinctive chemosynthetic-282 based ecosystems (Shock and Schulte, 1998) 
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